The studies of Schmitterlow (1) have indicated that the noradrenaline-like vaso pressor substances were to be present in extracts from blood vessels. Burn and Rand (2, 3) confirmed that in the walls of arteries there was an appreciable amount of nor adrenaline and that it was depleted by reserpine pretreatment as catecholamines in other organs. Maxwell et al. (4), Schmidt and Fleming (5) and Trendelenburg et al. (6) showed that the response to sympathomimetic amines was altered after the sub jects had been treated with reserpine. It is suggested that the mode of action of these amines on vascular smooth muscle may be modified by the changes of the amount of noradrenaline stores in the tissue.
The studies of Schmitterlow (1) have indicated that the noradrenaline-like vaso pressor substances were to be present in extracts from blood vessels. Burn and Rand (2, 3) confirmed that in the walls of arteries there was an appreciable amount of nor adrenaline and that it was depleted by reserpine pretreatment as catecholamines in other organs. Maxwell et al. (4) , Schmidt and Fleming (5) and Trendelenburg et al. (6) showed that the response to sympathomimetic amines was altered after the sub jects had been treated with reserpine. It is suggested that the mode of action of these amines on vascular smooth muscle may be modified by the changes of the amount of noradrenaline stores in the tissue.
In the present experiments the sensitivity to noradrenaline and tyramine was investigated by using smooth muscle strips prepared from various regions of the vas cular system. The difference of the sensitivity was discussed with reference to the concentrations of noradrenaline present normally, depleted with reserpine, or absent inherently.
METHODS
The aorta was removed from freshly killed cats and rabbits. The carotid, mesen teric, renal, femoral, coronary artery, and jugular vein of pigs were obtained at the slaughterhouse. The umbilical artery was dissected from human placenta supplied by the hospital immediately after delivery. Strip preparations were cut spirally from the blood vessels by the same procedures as described previously (7) . A vascular strip preparation of about 2 cm length was suspended in a muscle bath containing 25 ml Tyrode's solution at 37°C bubbled with 95% 02 and 5% CO,.
The isotonic contractions of the strip were recorded on a kymograph. In oder to obtain dose-response curves the increase of the height of contractions was plotted against the graded doses of the drugs. The ED50 calculated from corresponding dose response curve was served as representing sensitivity.
The chemical assay of noradrenaline in the blood vessels was carried out accord ing to the method described by Bertler, Carlsson and Rosengren (8) . For the extrac tion of the amine" 0.4, N perchloric acid was used. A Dowex 50 X8 column was employed for the purification-of extracts.
The following substances were used: dl-noradrenaline HCI, 1-adrenaline HCI, tyra mi'ne HCI, 5-hydroxytryptamine creatinine sulfate (serotonin), reserpine phosphate, his tamine dihydrochloride and dichloroisoproterenol. Reserpine (1 mg/kg) was injected intraperitoneally 24 hours prior to the experiment. The final concentrations of the drugs in the bath solution were expressed in terms of g/ml of the base of noradrenaline, adrenaline and salts of the other substances.
RESULTS

1) Response of cat and rabbit aorta to noradrenaline
Noradrenaline always produced contractions of the aortic strips in cats as well as in rabbits. The dose-response curves obtained from average values of five to six ex periments are shown in Figs. 1 and 2. The ED50s calculated from the dose-response curves for cats and rabbits were 6x10-' and 7.4x 10-', respectively. After the animal was treated with reserpine the ED50 for the former was increased to 3.2 x 10-'; in contrast, that for the latter decreased to 4.8 x 10-'. These results indicate that the sensitivity to noradrenaline of reserpinized aortic strips was decreased in cats, while enhanced in rabbits. 2) Response of cat aorta to tyramine Tyramine in a concentration of 8 x l0 usually induced contraction in normal aortic strips, but failed to produce any response in the reserpinized preparations. It required more than ten times as large concentration of the amine to initiate any contrac tion. Fig. 3 shows the effect of tyramine on the reserpinized aortic strip when it was suspended in a bath together with pieces of spleen slice. The contraction observed under these conditions seemed to be due to the noradrenaline released by tyramine from the spleen tissue. After the reserpinized aortic strip had been exposed to a sub maximal dose of noradrenaline, being 4 x 10-6, for about ten minutes the response to tyramine (8 x 10-5) reappeared. When cocaine (8 x 10-') was applied to the strip before noradrenaline administration the restoration of the effect of tyramine failed to occur.
A typical experiment is illustrated in Fig. 4 . 3) Sensitivity to noradrenaline of blood vessels in pigs All vascular preparations tested underwent contractions in response to noradre naline with an exception of coronary artery. The response to noradrena line of coronary strips in pigs was not a contraction but a rela xation, which was more readily demonstrable in preparations under elevated tone induced by acetylcholine. The ED50 calcu lated from dose-response curves was 5.7 x 10-s, being a little smal ler than that of adrenaline (8.3 x 10-s) which appeared in the previous report (7) . After treat ing with dichloroisoproterenol the response to noradrenaline was inhibited, but no reversal of the response was observed. As shown in Fig. 6 , the response to adrenaline was reversed after dichloroisoproterenol and the contraction so revealed was abolished again after Regitin was administered.
In the coronary artery, at least its main branches, beta-receptors seem to be predominant. As reported previously (7) a rhythmic contraction was ob served in some of coronary strips when adrenaline was applied after BaCl;. Fig. 7 shows the finding was also proved when noradrenaline was used instead of adrenaline. 
5) Response of human umbilical arteries to drugs
Several of umbilical strips reacted to noradrenaline with a weak contraction.
The response was quite uncertain and less marked than that observed in other parts of blood vessels, so that any dose-response curve was difficult to obtain. Tyramine also did produce a contraction in con centrations of 8 x 10-6 and 3 x 10-5.
The response of the umbilical artery to histamine and serotonin was more con sistent and marked than to noradrenaline.
The comparative effectiveness of these substances is shown in Fig. 9 . Histamine (3 x 10-') and serotonin (3 x 10-8) produced contractions in the preparations which failed to respond to noradrenaline. and changed the pH to 6.3.
6) Noradrenaline content of blood vessels
Noradrenaline concentrations of the normal cat heart and aorta were 1.28 and 0.39
,ag/g, respectively.
As presented in Table 2 the values were reduced to 0.08 and 0.05 ,t g/g, respectively after pretreatment with reserpine.
It is evident that reserpine depleted about 90%
of the noradrenaline stores in the tissues.
Noradrenaline content of various parts of the vascular system was measured in pigs. The highest level of the amine content among blood vessels so far examined was detected in the carotid artery, while the lowest in the femoral artery. Noradre naline was found in the following order of decreasing concentration : carotid, mesentric, renal, coronary, and femoral artery. Noradrenaline content of the jugular vein was similar to that of the femoral artery. The mean values with confidence limits for individual blood vessels are presented in Table 1 . 
DISCUSSION
It is well established that reserpine depletes noradrenaline from vascular smooth muscles. The depletion of the amine stores in the terminal axon of the sympathetic nerves (9) may modify the sensitivity of the tissues to the amine. The alternation did not necessarily occur in the direction of increasing but sometimes of decreasing. The species differences are indicated in _the finding that the dose-response curve for reserpinized cat aorta shifted to the right (Fig. 1) ; in contrast, that for rabbit shifted to the left (Fig. 2) . Although the mechanism involved has not been elucidated the sensivity to noradrenaline seems to be controlled not only by the amine at the storage site but also by other more complex ways which appear to be affected by reserpine. In this respect Westermann et al. (10) have recently shown that pituitary-adrenal activity was affected by reserpine in the rat.
That tyramine acts indirectly through the liberation of noradrenaline was sug gested by Bejrablaya et al. (11), Lockett and Eakins (12), Schumann and Philippu (13), Shore (14), Potter et al. (15) . The results obtained in the present experiments using aortic strips indicate that the view is also valid for the vascular system. A possible occurrence of tyramine receptors upon which the amine acts directly can not be ruled out because the amine still produced contractions in the umbilical artery providing neither sympathetic nerves (16) nor chromaffin cells (17) . The biphasic response of coronary strips to tyramine may he explained by the assumption that a small dose of the amine would produce a contraction by a direct action and a large dose would release noradrenaline which in turn causes a relaxation. It was concluded that tyramine may manifest its effect mainly by its noradrenaline releasing action and partly by a direct action on the corresponding receptors. Prevention by cocaine of the restoration of the effect of tyramine on the reserpinized preparation may be due to the inhibition of the uptake of noradrenaline. This concept was suggested by MacMillan (18) and Muscholl (19) in the experiments using reserpinized heart preparations. Rudzik and Miller (20) have shown that the rate of contractions of the rat uterus was inversely proportional to the amount of epinephrine.
The results presented in Table 1 indicate that there was little correlation between sensitivity and noradrenaline content in vascular smooth muscles. For instance, the carotid artery containing about 15 times as large amount of noradrenaline was apparently much less sensitive to the amine than the jugular vein. Sensitivity may represent mean numbers of susceptible receptors which still exist in the tissues without nerve supply. In the innervated blood vessels the susceptibility of the receptors is influenced by noradrenaline stores, but the concentration of the amine at the storage site is unlikely the unique factor in controlling susceptibility. It is of interest that the order of noradrenaline contents showed a close relation to the activity of amine oxidase which has been demonstrated by Thompson and Tickner (21) .
The present results concerning the effectiveness of substances in umbilical strips are in good agreement with those observed by Astrom and Samelius (22) in their ex periments using perfused human placenta. Although noradrenaline was considerably less effective the umbilical artery still contains receptors capable of reacting to the amine as well as to tyramine. The umbilical artery is quite sensitive to histamine, serotonin, oxygen and carbon dioxide. These substances seem to have some physiolo gical significance in controlling umbilical circulation (23) .
SUMMARY
In order to investigate the sensitivity to noradrenaline the smooth muscle strip prepared from the following blood vessels were used : normal, reserpinized aorta of cats and rabbits ; the carotid, renal, mesenteric, femoral, coronary artery, and jugular vein of pigs; umbilical artery of human placenta. The effect of tyramine was also studied on some of the above preparations. The ED50s were calculated from dose response curves.
The ED50 of noradrenaline was increased by reserpine pretreatment in cats, while decreased in rabbits. Tyramine failed to produce any response in reserpinized aortic strips in doses enough to elicit contractions in normal preparations. The response to the amine reappeared by exposing the strip to submaximal doses of noradr'enaline.
Cocaine prevented this restoration. The noradrenaline-induced relaxation of coronary strips was inhibited after the treatment with dichloroisoproterenol.
When adrenaline was used a reversal of the response was observed. Tyramine produced a biphasic response : a contraction in the case of lower doses and a relaxation for higher ones. The umbilical artery was still capable of responding to noradrenaline and tyramine even though the contraction was much less marked than that exerted by histamine and serotonin. Pure oxygen bubbled into the bath solution produced an increase of the tone and carbon dioxide caused a prompt relaxation of the strips accompanied by changes of the pH.
Noradrenaline contents of blood vessels in pigs were determined in the following order of decreasing concentration: carotid, mesenteric, renal, coronary, femoral artery, and jugular vein. Little discernible correlation was demonstrated between sensitivity to noradrenaline and the amount of the amine found in blood vessels. It was con sidered that noradrenaline concentrations at the storage site are unlikely the unique factor in controlling susceptibity of the receptors.
